The integrity of articular cartilage is dependent upon the maintenance of an adequate exchange of metabolites. Much of the data from studies on laboratory animal joints has been interpreted as indicating that the exchange of metabolites occurs solely between cartilage and synovial fluid (Brower, Akahoshi, and Orlic, 1962; Maroudas, Bullough, Swanson, and Freeman, 1968; Hodge and McKibbin, 1969) . Other investigators, however, have inferred that metabolites not only reach the cartilage via the synovial fluid but also supplied from the medullary cavity of the bone supporting the articular cartilage. This has been suggested from studies in rabbits (Ekholm, 1951; Holmdahl and Ingelmark, 1950) and lambs (McKibbin and Holdsworth, 1966) . It has recently been reported that such a medullary pathway exists in normal adult human joints (Greenwald and Haynes, 1969) . Bullough (unpublished data) has made counts of vascular defects in the subchondral plate of the femoral head after stripping the articular cartilage.
Observations on pathological states of human joints indicate that articular cartilage may be separated from synovial fluid and still survive with chondrocytes and matrix which appear normal in histological sections. The best example of this is the residual articular cartilage left when central osteophyte formation occurs in osteoarthritis. Another example is the fibrous tissue covering which develops over the joint surface, with digestion of cartilage but without necrosis, as in rheumatoid arthritis and chronic haemarthrosis.
In these diseases there are defects in the subchondral plate which form channels which are filled by vascularized medullary soft tissue and extend into the base of the articular cartilage. Vascularization is not always associated with calcification of the cartilage and a solumnar proliferation of chondrocytes. To appreciate whether the degree of vascular invasion observed in the diseased joint is abnormal, comparison with normal joints is necessary. This paper is concerned with a quantitative description of vascular penetrations in the normal adult human femoral head. Microscopical examination of the subchondral plate showed that the vascularized defects were not of uniform type, and the different morphological types and their possible significance is also discussed.
Materials and methods
Fifteen complete human hip joints were removed post mortem from subjects in the age range 20 to 86 years. After thawing and disarticulation, the joints were subjected to a load contact area experiment, where contact and non-contact areas of the hip were determined (Greenwald, 1969) . On completion of this study the femoral head was fixed in 10 per cent. neutral formalin. A slice 5 mm. thick was sawn from the femoral head after 24 hours' fixation. The plane of sawcut passed through the fovea and the least and greatest arc of the inferior and superior surfaces respectively. In some of the femoral heads further slices were taken at right-angles to this plane. After a further 24 hours fixation, the slices were radiographed to obtain contrast between cartilage and bone. This was done by using x rays at 40 kv and Kodalith sheet film. Complete breaks in the junction between bone and cartilage which are occupied by vascularized fibrous tissue were designated as a Type 'A' structure (Fig. 2) . Occasionally the defect in the bone extends through the full thickness of the subchondral plate, but more often the defect appears incomplete because of the plane of sectioning. A constant finding in these defects is the extension of soft tissue into the cartilage. Invasion extends into the basal cartilage only, or into the hyaline cartilage causing a discontinuity in the basophilic line. This 'A' type of defect is not further subclassified as the essential characteristic is the direct contact between soft tissue and cartilage. Other defects in bone filled by vascularized soft tissue which projected into the cartilage differed from the Type 'A' structure in having a shell of bone separating soft tissue from cartilage. This bone is sometimes clearly identifiable as having a woven type of matrix, but often the shell is too thin for certain recognition of the bone type. It is possible that some of these structures represent a Type 'A' structure cut as it approaches its definitive relationship with cartilage.
Woven bone was assumed to indicate new bone formation within the soft tissue. As there was no means of specifying the relationship of the bone to the soft tissue in every case, it was decided to group all the bone-invested structures together and to designate them as Type 'B' (Fig. 3, overleaf) .
Also projecting from the external surface of the lamellar bone into the cartilage there are small pieces of woven bone. These structures may have a very tiny vascular channel within them or may appear to be unvascularized. These structures were classified as Type 'C' (Fig. 4, overleaf Fig. 1 . It will be seen that there are more defects of all types at the centre of the articular surface than at the periphery, and this is true of all the specimens.
Comparison of the density of the defects beneath articular cartilage of different thickness indicates that they are more numerous where the cartilage is thicker. There is also a greater density of vascular channels beneath the contact than beneath the noncontact areas.
To test the hypothesis that the Type 'C' structure represents ossification of an initially vascularized defect, graphs wereconstructed (Figs. 5 and 6, opposite) .
The proportion of vascularized defects (A+ B) to total defects (A+ B + C) was plotted against age for (Fig. 5) and r =-0 -924; P < 0 * 01 (Fig. 6)) indicates that a significant correlation exists between the parameters plotted. The equations of the lines were determined with 99 per cent. confidence limits. Both graphs show a steady decline in the vascular ratio with advancing age in both contact and noncontact areas. The negative slopes are for all practical purposes identical. Further graphs (Figs 7 and 8) were plotted showing the total number of defects present (A+ B + C) against age for equal portions of the contact and non-contact areas. These graphs indicate that in both contact and non-contact areas the total number of defects present show no change throughout adult life. 
Discussion
Observations of the defects suggest that they represent different phases in the natural history of the subchondral plate. The graphs (Figs 7 and 8) of the total defects plotted against age indicate that the total number of these structures remains virtually constant throughout adult life and are more numerous in the weight-bearing areas. The vascular channels are sites of bone deposition and some become completely ossified with advancing years.
The other graphs (Figs 5 and 6) show that the index of useful vascularity decreases with age in the same proportion in both the weight-bearing and non-weight-bearing areas. Since non-weight-bearing areas have fewer defects, they would be depleted of useful vascular channels before the weight-bearing areas. It is interesting to note from clinical observations (Harrison, Schajowicz, and Trueta, 1953; Goodfellow and Bullough, 1967) Se describen tres tipos de defectos en la placa subcondral de cabezas femorales humanas normales. Se exponen los detalles de la distribuci6n de estos defectos en diferentes partes de la cabeza femoral en personas de entre 20 y 86 afios de edad, y se discute la posible relaci6n con el grosor y la funci6n del cartilago articular.
